The outcomes of quantitative investigations examining the effectiveness of exercise interventions for people with COPD are limited by the small number of measurement tools that can be included. In contrast, qualitative inquiry allows broader exploration of the perceived outcomes of an intervention. The purpose of this investigation is to explore the qualitative outcomes of a progressive resistance exercise (PRE) program for people with COPD. People with COPD, enrolled in a randomized controlled trial of PRE, were invited to participate in two semi-structured interviews conducted at the end (12 weeks) and 12 weeks after the training intervention (24 weeks). Interviews were audiotaped, transcribed and then coded independently by two researchers. Themes relating to training outcomes were then developed and described. Twenty-two participants were interviewed at 12 weeks, and 19 participants at 24 weeks. After PRE, participants reported a range of physical gains, particularly with regard to improved strength and reduced breathlessness during daily activities. Improved control and confidence during activities of daily living were important psychological benefits perceived by people with COPD, as was the social support experienced during group training sessions. At 24 weeks, confidence persisted despite a perceived plateau or dissipation of physical gains. People with COPD reported physical, psychological and social benefits after PRE, which had a positive effect on activity performance. Although the perceived physical benefits of training were not prominent at 24 weeks, feelings of increased confidence and control persisted. Chronic Respiratory Disease 2007; 4: [135][136][137][138][139][140][141][142] Qualitative Outcomes of PRE in COPD SD O'Shea et al.
Introduction
Progressive resistance exercise (PRE) can lead to improvements in muscle strength for people with chronic obstructive pulmonary disease (COPD). 1 However, few investigations have examined whether improvements in muscle strength carry over to broader functional performance during daily tasks or roles. 1 The ability to assess relevant changes in activity and participation is often limited by the availability of suitable measurement tools. Moreover, the outcomes of quantitative investigations are limited to the small number of measurement tools chosen by the investigators. Consequently, important and clinically meaningful benefits of an intervention may be missed. Qualitative research, by taking account of the perceptions of the participants and considering the full richness of responses, has applicability for exploring and understanding the broader outcomes of exercise interventions for people with COPD. Therefore, the aim of this investigation was to use qualitative analysis to explore the perceptions of people with COPD, regarding the outcomes of a predominantly homebased PRE program.
Methods

Participants
Participants were recruited from a randomized controlled trial of PRE. To be eligible to participate in the trial, participants needed to have a diagnosis of COPD from a medical practitioner, 2 and no unstable medical conditions limiting the performance of an exercise program. Participants completing four or more weeks of ORIGINAL PAPER Qualitative outcomes of progressive resistance exercise for people with COPD the PRE intervention were invited for an interview regarding their perceptions of the effects of the training program. Interviews were conducted at two time periods, immediately after finishing the PRE intervention (12 weeks) and 12 weeks after the intervention ended (24 weeks). All participants gave written informed consent to participate in the trial and ethics approval was granted for both the PRE trial and qualitative interviews.
Intervention: PRE program
The 12-week PRE program was performed three times per week, including one group session supervised by a physiotherapist and two independently performed home-based training sessions. Six exercises targeting the major upper and lower limb muscle groups were performed against elasticized resistance bands (Thera-band ® , Hygenic Corporation, OH, USA). Participants aimed to complete three sets of 8 to 12 repetitions maximum for each exercise, 3 and resistance level (band colour) was increased when three sets of 12 repetitions could be performed with correct technique through the full range of movement. Participants were instructed with correct lifting techniques, as well as taught breathing techniques to avoid Valsalva manoeuvres during training. 4 An exercise log-book, which included instructions for the performance of the training program at home, was provided to record adherence to the training program. The log-book was monitored weekly by the supervising therapist to ensure appropriate performance of the program, and as a strategy to maximize adherence. At the completion of the 12-week training program, participants were advised to keep the training equipment, but ongoing exercise was a personal choice.
Procedure
Interviews were conducted at the end of the intervention (12 weeks) and then a further 12 weeks after the intervention (24 weeks), in order to explore the perceived short and longer term outcomes of PRE. Semi-structured interviews, lasting between 20 and 60 min, were conducted by the principal researcher at a time and in a location nominated by the participant. The principal researcher was well known to participants through supervision of the 12-week PRE program and management of the research trial. The principal researcher is a rehabilitation physiotherapist experienced in the provision of exercise for people with chronic respiratory disease. A reflexive journal was maintained by the principal researcher throughout the trial in order to monitor personal beliefs and attitudes that may have influenced data interpretation. 5 An interview guide, developed by the research team, was used to provide broad questions from which to explore PRE outcomes, as well as factors associated with adherence, program design and implementation (Table 1) . However, participants were encouraged to lead the direction of the interviews. Only minor modifications were made to the interview guide throughout data collection. Interviews were audiotaped with the permission of each participant. Interviews were transcribed verbatim and a copy sent to the participant in order to check accuracy and make amendments prior to data analysis. Member checking strategies aim to maximize the accuracy of data presentation and interpretation. [5] [6] [7] Returned transcripts were then edited as outlined by the participants, and all identifying information was removed.
Data analysis and presentation
Two researchers independently coded the interview transcripts after all interviews had been completed. The researchers read each interview, coding information into descriptive categories and themes with the assistance of NVIVO 2.0 or NUD*IST 4.0 software (Qualitative Solutions & Research Pty Ltd., Australia). The independent coding structures and themes were then compared, discussed and refined until consensus was reached between researchers. A third researcher was available if discrepancies occurred during data interpretation. The process of peer examination aims to minimize bias and enhance trustworthiness of qualitative research findings. 7 The major themes and descriptive categories were presented using direct quotations from participants. Quotations were selected for their representativeness of the category, as well as a broad number of participant's views were presented. In addition, the number of participants discussing each category was also provided. 8
Results
Twenty-two out of 27 participants (81%, 14 female) from the PRE trial were eligible to be interviewed, and all consented to interviews at the conclusion of the 12-week intervention. Participants interviewed had moderately severe COPD (mean FEV 1%predicted ϭ 50 Ϯ 25%, FEV 1 /FVC ϭ 51 Ϯ 16%), 2 a mean age of 66.7 Ϯ 6.8 years, a mean body mass index of 25.1 Ϯ 4.9 and a mean smoking history of 39.9 Ϯ 31.1 pack years (Table 2) . 2 Allocated category for percentage predicted of forced expiratory volume (1 s). 3 Long-term oxygen therapy. 4 Smoking history ϭ packs per day ϫ years smoked. 5 Participant category for the percentage of completed PRE sessions. 6 Completion of pulmonary rehabilitation Ͼ12 months prior to study. 7 Outpatient Department.
Physical
Increases in muscle strength were reported by 19 of the 22 participants, and improvements were often reported in relation to activity performance. Participants reported improvement for a range of tasks including self-care, household duties, hobbies and roles such as looking after grandchildren: 'I've been doing heavier things in the house. I've been carrying bags of groceries rather than sort of putting them in the trolley and then unloading them . . . I do feel a bit stronger' (Participant 20). '. . . playing with the grandkids . . . I've been able to pick them up for a start . . . and just following them around, cleaning up after them' (Participant 4). PRE training was also reported to have a positive influence on balance and mobility during task performance as reported by six participants: 'I feel that I've got a bit more balance. You know, able to go out and bend over' (Participant 7). One participant reported that he felt so good that he even: ' . . . ran up the stairs at home, and I haven't run up the stairs in my home for years.' (Participant 3).
Including changes in muscle strength, many participants perceived reductions in breathlessness (14 participants) and fatigue (five participants), as well as improved stamina (four participants) during a range of Fifteen participants completed 91% of the prescribed training sessions and demonstrated statistically significant (P Ͻ 0.05) improvements in muscle strength (27-46%, d (range) : 0.52 to 0.85), dyspnoea (d ϭ 0.78, 95% CI: 0.11 to 1.45) and fatigue (d ϭ 0.46, 95% CI: Ϫ0.19 to 1.11) when compared with no-intervention (unpublished data) . However, no differences were found between the PRE and no-intervention groups for measures of activity or participation (P Ͼ 0.05). The seven remaining participants were only able to complete between four and nine weeks of the training program (mean adherence ϭ 53%) because of exacerbations of COPD (n ϭ 2), illness unrelated to COPD (n ϭ 2), injury unrelated to PRE (n ϭ 2) and surgery (n ϭ 1). Follow-up interviews (24 weeks) were completed by 19 participants, with three participants declining secondary interviews because of exacerbations of COPD (n ϭ 2), and injury unrelated to PRE (n ϭ 1).
Short-term outcomes of PRE
Overall participants were positive regarding the PRE program, and three main categories emergedphysical, psychological and social (Figure 1 ). activities: ' . . . for a person like myself, having a shower and not feeling tired is really great' (Participant 3). A positive impact on joint mobility and musculoskeletal co-morbidities was also highlighted by 10 participants. Participant 10 indicated: 'I used to get terrific pain in the shoulders and neck . . . I had none of that while I was doing the exercises'. Similarly, Participant 18 who had suffered from chronic low back pain reported: 'I think the exercises have actually strengthened my lower back. I think it has helped me because I notice that if I don't do the exercises I can feel my lower back getting sore again'.
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Psychological
An improved sense of well-being was reported by nine participants after completing PRE. For Participant 21, PRE made her 'feel good . . . mentally good'. Even when COPD symptoms were unchanged, PRE had a positive influence on perception of general health status for Participant 7: 'I still get terribly knocked up . . . but I still feel better in myself'.
A sense of control and increased confidence was a central theme for people completing PRE. Greater control and confidence with regards to managing shortness of breath was indicated by seven participants: 'I seem to be able to control my breathing a little better, and don't panic as much, so that I'd say I would be a little bit more confident than I was' (Participant 4).
Activity performance was also positively influenced by improved feelings of confidence in five participants. For example, prior to PRE Participant 22 reported difficulties with community access: 'going out you know and getting onto public transport. . .I had trouble (before the program). I'd walk up the street with someone else. I had no confidence in doing a lot of things'.
The discipline of exercise progression led to feelings of achievement, satisfaction and pride in seven participants. For example, Participant 14 was proud for 'proving to myself that I could do more than I thought I could do'.
Physical appearance changes also positively influenced body image for three women. Participant 9 reported changes: 'especially with my arms . . . they sort of felt like they had a bit of body in them and weren't as crinkly or flabby'. Participant 16 indicated that: 'I felt as if I walked taller, I felt as though I was no longer a sack of potatoes . . . that was good for me because I'm very big on presentation'.
Social
Group training sessions also provided positive social benefits for 13 participants. Participant 17 reported: 'I used to enjoy the company . . . Getting out and away from the place and amongst people'. Participant 22 derived 'a bit of excitement in that you are coming to do the exercises and talking and having a laugh and a joke', and Participant 7 felt: ' . . . comfortable and enjoyed the companionship of the others there'. Participant 20 also spoke of gaining support from the group during the training program: 'It was good to have the group support too, rather than doing it as an individual. Because I think we all supported each other when the going got tough!'
Incentive to work harder and complete the training program was associated with comparison and competition within the group: 'I think if I'd been on my own I probably would have given up. But because it was supervised, and others were doing it as well, you could see the confidence they were gaining and it gave you confidence as well' (Participant 18). Whereas for Participant 19: 'I think if you meet someone else, and know someone else is going to be doing them, it gives you some incentive'.
Negative outcomes
Negative outcomes were not commonly reported and often related to features of program design. The intensity of the training was too hard for one participant: 'I think because it was three times a week, I think I sort of exhausted myself . . . ' (Participant 9), while another found the program: ' . . . was a bit of a bore I suppose. I didn't really have any problem with it, but it was a bit tedious' (Participant 13). The resistance bands caused frustration for six participants because: 'Occasionally you would break a band and need to use another one' (Participant 3). Nine participants also reported that the system for threading the resistance bands through the handles was difficult: 'The threading of them is tedious and it's time consuming . . . and with arthritic fingers it was hard to thread' (Participant 11).
The presence of co-morbid musculoskeletal conditions made some aspects of the training program difficult to perform for four participants: 'They were alright except for the one I couldn't really handle with my crook legs, the lunges . . . that was a bit hard on the knees and I've got crook knees anyhow' (Participant 6).
Negative feelings about having COPD, such as regret 'you regret a lot of things you've done, like smoking I regret now' (Participant 10) and anger 'I'm quite angry at myself for not giving up smoking earlier' (Participant 12), were generated in three participants after performing the PRE program.
Longer term outcomes
Twelve weeks after completing the intervention, participants remained positive about the overall outcomes of PRE. However, longer term outcomes were predominantly related to psychological function and general well-being. Participant 13 reported that 'On the whole I think my health has improved because of those exercises', whereas Participant 2 'just felt better for doing the exercises . . . My energy or something. I feel more like doing other things'.
In addition to general feelings of well-being, four participants continued to report greater confidence and efficacy for daily tasks: 'I am finding that I'm able to walk for longer distances without losing my breath and when I do become breathless I can extend myself a little further without getting distressed . . . And I'm making myself walk further, too. I think having that confidence is helping' (Participant 20) .
Similarly, another two participants reported pushing themselves further during daily activities: '. . . doing those exercises not only improved your ability in certain areas, but it made you also realise that you can put a bit more effort into some things you weren't quite doing before. I think that has carried on and persisted . . . I attempted and carried out quite a few jobs that I'd been putting off and putting off for quite some time because I didn't think I was quite up to it' (Participant 15).
Nine participants felt that they had maintained the gains obtained during 12 weeks of PRE. However, deterioration of physical gains, such as strength, energy levels and fitness, was reported by a couple of participants. Participant 13 attributed a reduction in physical strength to cessation of training: 'because I haven't continued them I think my physical strength and the mobility in my limbs is not as good as it could be'. While Participant 1 noted: '. . . that if I don't do the exercises I go really down'.
Discussion
Consistent with the findings of quantitative investigations, people with COPD perceived improvements in muscle strength after training for between four and 12 weeks of PRE. 1 In addition, participants perceived reductions in the level of breathlessness and fatigue experienced after PRE. The use of qualitative inquiry highlighted that participants often expressed improvements in muscle strength, dyspnoea and fatigue (impairments) in the context of activity performance, indicating a perceived carry over of training gains at a broader functional level.
In contrast, quantitative evaluation of activity performance during the PRE trial demonstrated that there was no difference between participants completing PRE compared with no-intervention. The breadth and individual nature of task improvement reported by the participants may in part account for the discrepancy between quantitative and qualitative outcomes. Participants varied in their descriptions of how tasks had improved, with some improvements reported with regard to movement quality, total amount of work achievable, level of discomfort or anxiety, degree of breathlessness, level of confidence or level of assistance required. Therefore, meaningful changes in activity may be difficult to assess with unidimensional quantitative measures.
In a recent qualitative investigation, improved confidence and control were the key outcomes reported by people with COPD after a five-week pulmonary rehabilitation program. 9 A process of change was also described whereby participants gained control and then an overall sense of improved well-being through knowledge obtained in rehabilitation. 9 Similarly, participants in the current study spoke of greater 'confidence' and 'control' after PRE, particularly in relation to managing breathlessness or performing activities. Exercise progression was also an important feedback mechanism contributing to a sense of 'achievement'. Overall, greater 'confidence', 'control' and 'achievement' may have influenced the reports by participants of enhanced well-being. Therefore, important psychological outcomes can be obtained through PRE, with the process of psychological change appearing similar to that reported by participants after five weeks of pulmonary rehabilitation. 9 Group support and benchmarking have been identified as important factors for improving the motivation and adherence to rehabilitation interventions. 10 The addition of once weekly group training sessions during the PRE trial was valued by participants because of the social interaction and support gained. Moreover, group sessions were seen as important for improving the overall training outcomes through added 'incentive' and 'comparison' with other participants. Smaller training gains and lower adherence levels have been reported for older adults performing PRE programs independently at home. 11 Similarly, trends towards greater improvements in walking performance after closely supervised pulmonary rehabilitation compared with minimal supervision have also been demonstrated. 12 Therefore, the provision of regular supervision and group support may be an important factor, influencing the outcomes of exercise interventions in this population, and need to be considered during program design. Investigating the role of peer support in adherence and outcomes of exercise rehabilitation for people with chronic respiratory conditions may also be beneficial.
The longer term outcomes of PRE have not been investigated extensively for people with COPD.
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Rehabilitation outcomes, including improvements in muscle strength, walking performance and healthrelated quality of life, were maintained 12 months after a 26-week program in one investigation of mixed training. 13 In contrast, muscle strength gains were beginning to dissipate three months after a 12-week PRE program in another investigation. 14 The ability to maintain beneficial outcomes after pulmonary rehabilitation (with and without the addition of maintenance interventions) has been shown to be variable in a number of investigations for people with COPD. [15] [16] [17] [18] [19] Three months after the PRE intervention in the current investigation, participants were generally reporting a plateau or decline in physical outcomes, but psychological benefits, with regard to control and confidence, were often reported to persist and had a positive impact on functional performance. Therefore, it may be that once participants start to make the transition towards greater confidence and control, 9 skills and knowledge obtained through training may be applied in other contexts. However, in order to maximize the longer term outcomes of exercise-based interventions like PRE, further research is necessary to determine the optimal duration and maintenance dose prescriptions in this population. Very few negative outcomes were reported by participants after PRE and predominantly related to features of program design. Most problems were minor and related to frustrations with the training equipment. Difficulty performing exercises because of co-morbid musculoskeletal conditions were also reported and can be addressed in the clinical setting by modifying exercises to suit the individual.
The strength of this investigation was that it examined the outcomes of PRE from the perspectives of the participant. By comparing the findings with quantitative trials (across-methods triangulation), 20,21 a broader understanding of the outcomes of PRE in this population may be obtained. In addition, the use of interviews at two time periods provided insight into the immediate and longer term effects of a short-term PRE program. A diverse sample of people with COPD in terms of disease severity, domiciliary oxygen usage, co-morbid health conditions and physical function were also included in the trial, which may improve the transferability of the findings to other pulmonary rehabilitation populations. A potential limitation of the investigation was the close relationship between the researcher and participants, which may have led to issues of researcher influence or respondent bias. 5, 7, 22 Disclosure of the principal researcher's roles and background, as well as the use of strategies such as peer examination, member checking and a reflexive journal, aimed to minimize possible bias. Another potential limitation was that participants were drawn from eligible people in a randomized controlled trial; therefore, it could not be concluded that saturation had been reached within the data. However, as no new themes were emerging at the end of the data analysis, it is suggestive that saturation may have been achieved.
Conclusion
Qualitative inquiry contributed to knowledge regarding the outcomes of PRE by revealing that people with COPD perceived meaningful improvements in activity performance after short-term PRE training, predominantly through physical changes, such as increased muscle strength, and psychological changes including improved control and confidence of COPD symptoms. Peer support and comparison were also identified as valuable components of group training sessions. Physical benefits of PRE began to decline over time, whereas feelings of improved confidence and control continued to influence perceptions of functional performance.
